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Relationship between tubulo-glomerular feedback responses and per-
fusate hypotonicity. Previous studies have established that during ortho-
grade perfusion from a late proximal tubule site, there is a direct
relationship between the magnitude of the feedback response and the
level of distal tubular fluid sodium chloride concentration. The present
study was conducted in the rat to extend this observation by assessing
stop flow pressure (SFP) feedback responses during retrograde perfu-
sion into the early distal tubule with solutions varying in total solute
concentration and in the anionic constituent. SFP was measured after
blockade of the intermediate proximal and late distal tubular segments
with wax. Retrograde perfusion was initiated from an early distal
tubular site at 15 nl/min. All solutions contained a 38 mOsm/kg matrix
base, and the total solute concentration was increased with either
sodium chloride or sodium isethionate to achieve osmolalities of 68, 85,
and 120 mOsm/kg. For comparison, feedback responses during perfu-
sion with a 120 mOsm/kg choline chloride solution were evaluated.
During perfusion with the 120 mOsm/kg solutions, SFP decreased by 13
1.3 mm Hg with the sodium chloride solution, 12 1.5 mm Hg with
the sodium isethionate solution, and 12 1.3 mm Hg with the choline
chloride solution. During perfusion with solutions having an osmolality
of 85 mOsm/kg, SFP decreased by 8 1.3mm Hg with sodium chloride
and 8 0.8 mm Hg with sodium isethionate. The 68 mOsm/kg solutions
elicited decreases in SFP of 4.4 0.4 mm Hg and 5 0.5 mm Hg.
During perfusion with the 38 mOsm/kg matrix solution, SFP decreased
by an average of 1.4 0.9 mm Hg. Linear regression analysis revealed
a 1 mm Hg decrease in SFP for every 7.7 mOsm/kg decrease in
perfusate osmolality below 120 mOsm/kg. These results confirm previ-
ous findings that the magnitude of the feedback response is associated
closely with the concentration of the perfusate over a narrow range
from 38 to 120 inOsm/kg. Since the responses with sodium isethionate
solutions were similar to the responses obtained with sodium chloride
containing solutions, these studies provide evidence that the magnitude
of the feedback responses are not specifically dependent on alterations
in chloride concentration.
Relation entre le rétro-contrôle tubulo-glomérulaire et l'hypotonicité du
perfusat. Des etudes antérieures ont établi que pendant une perfusion
orthograde, a partir d'un point situé dans le tubule proximal terminal, il
y a une relation directe entre l'importance du rCtro-contrôle et La
concentration du chiorure de sodium dans Ic fluide tubulaire distal. La
présente étude a Cté entreprise chez le rat aim d'étendre cette observa-
tion en determinant les responses feedback de pression d'interruption
du debit (SFP) au cours d'une perfusion retrograde dans Ic tubule distal
initial, avec des solutions dont les concentrations totales en solutes ou
en leur constituant anionique étaient variables. La SFP a etC mesurée
après blocage des segments tubulaires proximal intermédiaire et distal
terminal avec de la cire. La perfusion retrograde a été initiée a partir
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d'un point situé dans Ic tubule distal prCcoce a 15 nI/mm. Toutes les
solutions cOntenaient une matrice de base de 38 mOsm/kg, et Ia
concentration totale en solutCs était augmentee soit avec du chlorure de
sodium, soit avec de l'isCthionate de sodium afin d'obtenir des osmola-
litCs de 68, 85, et 120 mOsm/kg. A titre de comparaison les rCponses
feedback pendant une perfusion avec une solution de 120 mOsm/kg de
chlorure de choline ont Cté évaluCes. Pendant Ia perfusion avec des
solutions a 120 mOsm/kg, Ia SFP a diminué de 13 1,3mm Hg avec Ia
solution de chlorure de sodium, de 12 1,5 mm Hg avcc Ia solution
d'isCthionate de sodium, et de 12 1,3 mm Hg avec Ia solution de
chlorure de choline. Au cours des perfusions avec les solutions ayant
une osmolalité de 85 mOsm/kg, Ia SFP a diminuC de 8 1,3 mm Hg
avec le chlorure de sodium et de 8 0,8 mm Hg avec l'iséthionate de
sodium. Les solutions a 68 mOsm/kg ont produit des diminutions de
SFP de 4,4 0,4 mm Hg et de 5 0,5 mm Hg. Pendant Ia perfusion
avec Ia solution de base de 38 mOsm/kg, Ia SFP a diminuC en moyenne
de 1,4 0,9 mm Hg. line analyse en regression linéaire a montrC une
baisse de 1 mm Hg de Ia SFP pour chaque diminution de 7,7 mOsm/kg
de l'osmolalité du perfusat, en-dessous de 120 mOsm/kg. Ces résultats
confirment les dCcouvertes antérieures indiquant que l'importance de Ia
réponse feedback est Ctroitement associée a Ia concentration du perfu-
sat pour une variation étroite, entre 38 et 120 mOsm/kg. Puisque les
réponses avec les solutions d'iséthionate de sodium étaient identiques
aux rCponses obtenues avec les solutions contenant du chlorure de
sodium, ces etudes apportent Ia preuve que l'importance des rbponses
feedback nest pas spécifiquement dépendante de modifications de Ia
concentration en chlore.
It is now generally recognized that the mediation of tubulo-
glomerular feedback responses requires flow-dependent
changes in the composition of distal tubular fluid [1—61. One
approach used to study this problem has been to correlate
feedback responses with measurements of distal tubular fluid
composition at various levels of distal nephron perfusion.
Utilizing orthograde microperfusion techniques involving per-
fusion from a late proximal tubule site, Schnermann et al [5],
Bell et al [7], Bell, McLean, and Navar [8], and Muller-Suur and
Gutsche [9] have all demonstrated that a direct correlation
exists between stop flow pressure (SFP) or single nephron
glomerular filtration rate (SNGFR) feedback responses and the
distal tubular fluid concentration. At the lower rates of perfu-
sion, distal tubular fluid concentration is low and there are only
small changes in SFP or SNGFR. With increases in perfusion
rate, there are progressive flow dependent increases in distal
tubular fluid concentration which lead to larger feedback medi-
ated reductions in SFP and SNGFR.
The retrograde microperfusion procedure offers a more direct
approach to study the effects of changes in perfusate concentra-
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tion on feedback responses. With this technique, perfusion is
initiated from the early distal tubule, and the distance from the
perfusion site to the macula densa cells is approximately 0.5
mm [3]. Thus, during retrograde perfusion there should only be
minimal changes in perfusate composition from the perfusion
site to the receptor area. Schnermann, Ploth, and Hermle [10]
utilized the retrograde perfusion technique to test the effects of
hypotonic sodium chloride solutions on the magnitude of the
feedback mediated changes in early proximal flow rate (EPFR).
They demonstrated a direct relationship between EPFR and
perfusate sodium chloride concentration over the range of 15 to
60 m sodium chloride with full feedback mediated reductions
in EPFR occurring at perfusate sodium chloride concentrations
of 60 m and above. These studies suggested that the feedback
receptor system is remarkably sensitive to small changes in
tubular fluid concentration.
The purpose of this study was to investigate further the
effects of changes in perfusate concentration on the magnitude
of the feedback responses. SFP measurements were utilized to
provide an assessment of feedback mediated changes in glomer-
ular function. Total perfusate solute concentration was varied
between 38 and 120 mOsm/kg with either sodium chloride or
sodium isethionate. We were interested in determining the
effects of changes in sodium isethionate concentration because,
in a previous retrograde perfusion study [81, an isotonic solution
consisting predominantly of sodium isethionate but also con-
taining other constituents normally found in tubular fluid was
found to be capable of producing feedback mediated decreases
in SFP even though chloride concentration was very low. For
this study the isethionate anion was chosen because previous
epithelial transport studies [11] indicated that isethionate is an
effective nontransportable anion substitute. A summary of
some of the results presented in this paper were presented
previously [12].
Methods
Experiments were performed on 28 male Sprague-Dawley
rats weighing between 210 and 280 g. The rats were anesthe-
tized with sodium pentobarbital (50 mg/kg) and placed on a
servo-controlled heated table. Body temperature was main-
tained at 38° C. A polyethylene tube was inserted into the
trachea to maintain a patent airway, and catheters were placed
into the external jugular vein for infusion of an isotonic sodium
chloride solution (1.2 ml/hr) and for additional anesthetic as
required. The femoral artery was cannulated and arterial blood
pressure was measured with a pressure transducer (Statham
Laboratory, Inc., Hato Rey, Puerto Rico) and recorded on a
polygraph (Grass Instruments, Quincy, Massachusetts). Blood
pressure was recorded continuously throughout the experi-
ment. Only those experiments where blood pressure remained
over 100 mm Hg for the entire experiment are included in this
study.
The left kidney was exposed through a transverse incision,
dissected free of all adhering tissue and placed in a Lucite® cup.
Warm agar was dripped around the kidney to form a saline well.
The ureter was catheterized with polyethylene tubing to ensure
unrestricted urine flow. For the retrograde microperfusion
procedure [8], a proximal tubule segment was selected and
punctured with a micropipette filled with an isotonic sodium
chloride solution stained with Fast green dye. Tubules with
three or more surface proximal tubule convolutions and at least
two surface distal tubular segments were identified by injecting
a small quantity of the stained solution. A pipette containing
bone wax was inserted into an intermediate proximal tubular
segment and a small cast of wax 4 to 5 tubule diameters in
length was injected into the tubule [131 using a microdrive unit
(Trent Wells, South Gate, California). A small cast of wax was
also injected into the last surface distal tubule convolution.
Once both wax blocks were placed, a micropipette connected to
a servo-null micropressure system was inserted into an early
proximal tubule segment and stop flow pressure (SFP) was
measured for 3 to 4 mm to ensure a stable control value. The
perfusion pipette which was connected to a pump system
(Walter Klotz, Munich, West Germany) and filled with one of
several perfusion solutions was inserted into the earliest surface
distal tubular segment. Retrograde perfusion was initiated at 15
nI/mm and the perfusate emerging from the 1oop of Henle was
collected from a late proximal tubular segment. SFP was
evaluated during the 2 to 5 mm of perfusion and again after the
removal of the perfusion pipette.
To assess the effects of changes in perfusate sodium chloride
or sodium isethionate concentration on the magnitude of the
SFP feedback responses, several different concentrations were
tested. All solutions contained a matrix base consisting of:
potassium = 5 mEq/liter; bicarbonate = 10 mEq/liter; calcium
= 4 mEq/liter; magnesium = 2 mEq/liter; monovalent phos-
phate = 2 mEq/liter; sulfate = 2 mEq/liter; urea = 250 mg/liter;
chloride = 6 mEq/liter; and sodium = 15 mEq/liter. The
osmolality of the matrix solution was 38 mOsm/kg. To deter-
mine if the presence of the matrix solution was required for
sodium isethionate to elicit feedback responses, experiments
were performed to compare the responses obtained with a pure
isotonic sodium isethionate solution with those obtained with
isotonic sodium isethionate containing the matrix solution.
During retrograde perfusion with an isotonic solution consisting
entirely of sodium isethionate (N = 7), no significant sustained
feedback mediated SFP changes occurred. However, when
sodium isethionate in matrix solution was used, SFP decreased
by 11 1.5 mm Hg (N = 7), a value that was not significantly
different from that reported in a previous study [8]. Also the
feedback responses obtained with sodium isethionate which
contained the matrix solution were not different from the
responses found with an isotonic Ringer's solution. Thus, in our
hands, the matrix base seemed essential and was used for all
subsequent perfusion experiments.
For the perfusion solutions, sufficient sodium chloride or
sodium isethionate was added to the matrix solution to yield
osmolalities of 120, 85, and 68 mOsm/kg. Each of the sodium
isethionate solutions contained only 6 mEq/liter of chloride. In
addition, a choline chloride solution with the matrix base and
having an osmolality of 120 mOsm/kg was used to compare the
feedback responses obtained with low sodium containing perfu-
sates. In a further series of experiments, a 120 mOsm/kg sodium
bicarbonate solution in the matrix base was used to determine if
anions other than isethionate could be substituted for chloride
without loss of feedback responses. All solutions were lightly
stained with 0.1% Fast green dye and filtered the day of the
experiment.
Sodium and potassium concentrations in the perfusion solu-
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tions were measured with a flame photometer (Instrumentation
Laboratory, Inc., Lexington, Massachusetts). Osmolality was
measured with a vapor pressure osmometer (Wescor, Logan,
Utah), and chloride concentrations of each solution were deter-
mined with a titration chioridometer (Buchler Instruments, Fort
Lee, New Jersey). The data were analyzed by Student's t test
for paired observations, the t test for unpaired observations,
and linear regression analysis where appropriate. Data are
presented as mean SEM.
Results
In the first series of experiments, the SFP feedback responses
obtained with the 120 mOsm/kg solutions containing sodium
chloride, sodium isethionate, and choline chloride were com-
pared. Tracings from a representative experiment are shown in
Figure 1 and the individual feedback responses are given in
Figure 2. The magnitudes of the SFP feedback responses were
very similar during perfusion with the sodium isethionate and
the choline chloride solutions. These were similar to the re-
sponses obtained during perfusion with the sodium chloride
solution. During perfusion with the 120 mOsm/kg sodium
chloride solution, SFP decreased from 38 1.2 mm Hg to 25
1.6mm Hg. In the tubules perfused with the sodium isethionate
solution, SFP decreased from 38 1.2 mm Hg to 26 1.7 mm
Hg. Likewise, when the 120 mOsm/kg choline chloride solution
was perfused, SFP decreased from 37 0.6 mm Hg to 25 1.3
mm Hg. Following cessation of perfusion, SFP increased to 37
1.7 mm Hg in the sodium chloride series, to 37 1.1 mm Hg
in the sodium isethionate series, and 36 0.6 mm Hg in the
choline chloride group.
Additional experiments were conducted to determine if sodi-
um bicarbonate plus matrix solution was also capable of elicit-
ing feedback responses. SFP decreased from 38 1.0 mm Hg to
28 2.0 mm Hg with the sodium bicarbonate solution (N = 13
tubules). In this series, the isotonic Ringer's solution resulted in
a decrease in SFP from 37 1.0mm Hg to 26 1.2mm Hg(N
= 14). The average change in SFP during perfusion with
isotonic Ringer's solution (10.2 0.8 mm Hg) was not signifi-
cantly different from the response obtained with the sodium
bicarbonate containing solution (10 1.4 mm Hg). Following
termination of perfusion, SFP returned to 36 1.0 mm Hg in
the isotonic Ringer's group and to 37 1.1 mm Hg in the
sodium bicarbonate series.
The individual SFP feedback responses obtained during
perfusion with the 85 mOsm/kg solutions are shown in Figure 3.
With the sodium chloride solution SFP decreased from 41 0.8
mm Hg to 33 0.8 mm Hg. With the sodium isethionate
solution, SFP decreased from a control value of 42 0.6 mm
Hg to an average of 34 1.0 mm Hg. After removal of the
perfusion pipette, SFP returned to 40 0.7 mm Hg in the
sodium chloride group and to 41 1.2 mm Hg in the sodium
isethionate series.
The individual SFP feedback responses obtained with the 68
mOsm/kg solutions and the 38 mOsm/kg matrix solution are
shown in Figure 4. In the tubules perfused with the sodium
chloride solution, SFP decreased from 39 0.09 mm Hg to 34
1.0 mm Hg. With the sodium isethionate solution, SFP was
reduced from 37 1.4 mm Hg to 32 1.5 mm Hg during
perfusion. Both of these solutions resulted in significant feed-
back responses. During perfusion with the 38 mOsm/kg matrix
solution, the slight decrease in SFP from 37 1.0 mm Hg to 35
1.6mm Hg was not statistically significant. With cessation of
perfusion, SFP increased to 36 1.9 mm Hg in the sodium
chloride series, 37 1.3 mm Hg in the sodium isethionate
group, and 37 1.0 mm Hg in the matrix solution group. The
results with the 38 mOsm/kg matrix solution indicate that the
concentrations of the constituents present in this solution were
not directly responsible for mediating the SFP feedback re-
sponses observed with the more concentrated solutions.
A plot of the changes in SFP obtained with the sodium
chloride, sodium isethionate, and choline chloride solutions are
shown in Figure 5. This figure also includes results obtained
with isotonic solutions of sodium chloride and sodium isethion-
ate reported in a previous study [81. The average decreases in
SFP during retrograde perfusion with the 120 mOsm/kg hypo-
tonic solutions were very similar to those obtained with the
isotonic solutions and averaged between 12 and 13 mm Hg.
However, there were consistent decreases in the magnitude of
the SFP feedback responses that occurred during perfusion
with the more dilute solutions. The responses obtained with the
85 mOsm/kg sodium chloride and sodium isethionate solutions
averaged 8 mm Hg, a value significantly less than that obtained
with the isotonic or 120 mOsm/kg hypotonic solutions. With the
solutions having an osmolality of 68 mOsm/kg, the feedback
responses were between 4 and 5 mm Hg. These were signifi-
cantly less than those obtained with the 120 mOsm/kg or the 85
mOsm/kg hypotonic solutions. The matrix solution alone elicit-
ed an average decrease in SFP of 1.4 mm Hg that was not
significantly\different from zero and was significantly less than
the SFP feedback responses obtained with any of the other
solutions. Because perfusates having osmolalities greater than
120 mOsm/kg did not exert greater effects, regression analysis
SS
a,
a0
0.0
to
Sodium isethionate
solution
Fig. 1. Examples of SFP feedback responses during perfusion with the
sodium isethionate solution (bottom panel) and the choline chloride
solution (top panel). The initiation of retrograde perfusion at 15 nl/min
resulted in SFP feedback responses of approximately equal magnstude
with both solutions.
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was performed using only the hypotonic solutions. This analy-
sis yielded the following regression equation for the relationship
between the change in SFP and perfusate osmolality for osmo-
lalities below 120 mOsm/kg:
SFP =
—0.13 (perfusate osmolality) + 3.65
Sodium isethionate
Accordingly, over an osmolality range of 38 to 120 mOsm/kg,
there was a 1-mm Hg decrease in SFP for every 7.7 mOsm/kg
increase in perfusate osmolality.
Discussion
The results of this study clearly demonstrate that changes in
perfusate concentration can alter the magnitude of feedback
responses obtained during retrograde microperfusion. These
findings are similar, in part, to those reported by Schnermann,
Ploth, and Hermle [10]. They found that a 60 m sodium
chloride perfusion solution elicited maximum feedback re-
sponses and that there was a direct relationship between the
magnitude of the change in early proximal flow rate and the
perfusate sodium chloride concentration for solutions below 60
m sodium chloride. Similarly, we found that the 120 mOsm/kg
perfusates elicited maximal feedback mediated decreases in
SFP, and there was a progressive decrease in the magnitude of
the feedback response as perfusate concentration was reduced.
Both studies directly support the notion that the feedback
receptor system is responsive only over a very narrow range of
distal tubular fluid concentrations. Thus, it seems possible that
small changes in distal tubular fluid concentration induced by
changes in flow rate through the ioop of Henle could be
responsible for alterations in the level of activity of the feed-
back mechanism.
The present studies indicate that hypotonic sodium isethio-
nate solutions containing the matrix base are capable of eliciting
decreases in SFP during perfusion from an early distal tubular
site. This finding is consistent with previous orthograde and
retrograde perfusion studies, where the sustained feedback
mediated decreases in SFP found during perfusion with an
isotonic sodium isethionate solution containing only small
amounts of chloride [81 were similar to those obtained with
isotonic Ringer's solution. Similarly, at perfusate osmolalities
of 120, 85, and 68, mOsm!kg, the magnitude of the SFP
feedback response was the same regardless of whether the
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Fig. 2. Changes in SFP during perfusion at 15
ni/mm with the sodium chloride (left panel),
sodium isethionate (middle panel), and choline
chloride (right panel) solutions having an
osmolality of 120 rnOsm/kg.
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Fig. 3. SFP feedback responses obtained during perfusion with the 85
mOsm/kg sodium chloride (left panel) and sodium isethionate (right
panel).
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perfusate contained sodium chloride or sodium isethionate.
Thus, sodium isethionate was capable of eliciting feedback
responses, and specific changes in sodium isethionate concen-
tration were effective in altering the magnitude of the SFP
response.
To evaluate other nonchioride salt solutions, a hypotonic
sodium bicarbonate solution containing the matrix solution was
tested. This solution also elicited feedback responses similar to
those found with a sodium chloride solution. The finding that
the sodium bicarbonate plus matrix solution elicited feedback
Hypotonic matrix solution,
38 mOsm/kg
In a recent study [14] that evaluated the effects of increases in
receptor cell intracellular calcium concentration on feedback
responses, we found that the 70 mOsm/kg control perfusion
solution elicited decreases in SFP of 6 0.8 mm Hg (N = 13).
These feedback responses obtained with the hypotonic solution
were significantly less than those found with an isotonic solu-
tion. The hypotonic solution used in that study was made of the
matrix solution (38 mOsm/kg) plus sufficient sodium bicarbon-
ate to achieve an osmolality of 70 mOsrn/kg. The results with
the 70 mOsm/kg sodium bicarbonate solution are very similar to
those obtained with the 68 mOsm/kg solutions of sodium
chloride or sodium isethionate. This finding, coupled with the
present result indicating that the 120 mOsm/kg sodium bicar-
bonate solution elicited feedback responses which were not
different from the 120 mOsm/kg sodium chloride or sodium
isethionate solutions, suggest that the magnitude of the feed-
back responses can be altered by changing the total concentra-
tion of the solution independent of the specific anion
concentration.
In further experiments, perfusion with a 120 mOsm/kg cho-
line chloride solution having a sodium concentration of 15 mEqi
liter produced SFP feedback responses which were similar to
the feedback responses found during perfusion with either
sodium chloride or sodium isethionate solutions. This aspect of
the study was not pursued further because the results agree
with previous studies by Schnermann, Ploth, and Hermle [101
which demonstrated that several initially sodium-free solutions
could elicit significant feedback responses. Thus, the feedback
mechanism does not appear to have either a specific sodium or
chloride dependency.
Previously, we used perfusion solutions that contain a num-
ber of minor constituents normally found in tubular fluid [7, 8].
This approach was based on the finding that, in the rat,
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Fig. 4. Changes in SFP obtained during
perfusion with the 68 mOsm/kg solutions of
sodium chloride (left panel) and sodium
isethionate (middle panel). The SFP data
obtained in tubules perfused with the 38
—' mOsm/kg matrix solution are shown in theControl 15
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responses eliminates the possibility that the responses obtained
300 with isethionate were due to some peculiar pharmacological
effect.
Solutions:
• Sodium chloride
o Sodium isethionate
Choline chloride
• Matrix
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—14
Fig. 5. Relationship between the perfusate osmolality and the average
SFP feedback responses obtained during perfusion with the different
solutions. Analysis of all data points obtained with hypotonic perfusates
yielded a highly significant correlation coefficient of 0.78. The dotted
line shown in the figure was derived from regression analysis.
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orthograde perfusion from a late proximal tubule site with a
pure isotonic mannitol solution produced feedback responses
which were not as consistent and exhibited a greater degree of
variability than the feedback responses obtained with an artifi-
cial tubular fluid [7]. However, when mannitol was added to a
matrix base having constituents normally found in the tubular
fluid, the responses were more consistent and sustained. Thus
in subsequent experiments we included the matrix solution in
all solutions used for either orthograde or retrograde tubular
perfusion. Under these conditions sustained feedback mediated
changes in stop flow pressure were observed with solutions
having low chloride concentrations as well as those having low
sodium concentrations.
Since Schnermann, Ploth, and Hermle [10] have found previ-
ously that several nonchloride containing sodium-anion solu-
tions were not capable of eliciting feedback responses, we
performed additional perfusion experiments using an isotonic
solution consisting entirely of sodium isethionate. With this
solution, there were no consistent SFP feedback responses, a
finding which agrees with the results of Schnermann, Ploth, and
Hermie [10]. However, when the matrix solution was incorpo-
rated into the sodium isethionate solution, consistent feedback
responses were obtained that were similar iLo the responses
found with the sodium chloride containing solution. Also,
Schnermann, Ploth, and Hermle [10] failed to elicit feedback
responses with a sodium bicarbonate solution, whereas we
found that sodium bicarbonate with the matrix solution resulted
in SFP feedback responses during retrograde perfusion. These
findings further support the view that the ability of solutions in
which chloride is not the major anion to elicit feedback re-
sponses may depend upon the maintenance of an appropriate
intraluminal environment. At present, it is not clear why
sodium isethionate or sodium bicarbonate solutions require the
presence of the matrix base solution to elicit feedback respons-
es. One possibility is, that during perfusion with chloride-free
single salt solutions, concentration gradients may cause move-
ment of substances out of the tubular cells into the lumen. This
may alter the internal environment within the cells and compro-
mise the integrity of the receptor-effector mechanism.
Accordingly, the present study clearly establishes that tu-
bulo-glomerular feedback responses can be elicited by hypoton-
ic sodium isethionate solutions. In addition, the magnitude of
the feedback responses was found to be dependent upon the
concentration of sodium isethionate in the perfusion solution,
suggesting that the feedback receptor system may be capable of
detecting changes in sodium isethionate concentration. Since
feedback responses were also found with sodium bicarbonate
and a choline chloride solution which contained low amounts of
sodium or chloride, these studies further support the view that
the feedback receptor does not have a specific ion requirement.
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